Background: Accumulating evidence suggests that metformin possesses anticarcinogenic properties, and its use is associated with favorable outcomes in several cancers. However, it remains unclear whether metformin influences prognosis in prostate cancer (PCa) with concurrent type 2 diabetes (T2D). Materials and Methods: We searched PubMed, EMBASE, and the Cochrane Library from database inception to April 16, 2014 without language restrictions to identify studies investigating the effect of metformin treatment on outcomes of PCa with concurrent T2D. We conducted a meta-analysis to quantify the risk of recurrence, progression, cancer-specific mortality, and all-cause mortality. Summary relative risks (RRs) with corresponding 95% confidence intervals (CIs) were calculated. Publication bias was assessed by Begg's rank correlation test. Results: A total of eight studies fulfilled the eligibility criteria. We found that diabetic PCa patients who did not use metformin were at increased risk of cancer recurrence (RR, 1.20; 95%CI, 1.00-1.44), compared with those who used metformin. A similar trend was observed for other outcomes, but their relationships did not reach statistical significance. Funnel plot asymmetry was not observed among studies reporting recurrence (p=0.086). Conclusions: Our results suggest that metformin may improve outcomes in PCa patients with concurrent T2D. Well-designed large studies and collaborative basic research are warranted.
Introduction
The effect of metformin use on outcomes of diabetic prostate cancer (PCa) remains unclear, whereas a reduced incidence of PCa has been reported in subjects with type 2 diabetes (T2D) (Bansal et al., 2013) . The latest metaanalysis reported that metformin use was associated with a reduced risk of cancer-specific mortality (CSM)/ all-cause mortality (ACM) in diabetic PCa patients, but it did not reach statistical significance (Zhang and Li, 2014) . Other than survival, the results of studies on other clinical endpoints of PCa such as biochemical recurrence or systemic progression have been inconsistent (Spratt et al., 2013; Kaushik et al., 2014; Rieken et al., 2014) .
Metformin, which is the most widely prescribed antidiabetic drug, has shown excellent tolerability and efficacy. Metformin use is associated with favorable outcomes in cancer through its ability to indirectly modulate insulin levels, which can affect tumor growth (Pollak, 2008) . In addition, metformin appears to inhibit tumor initiation or progression (Emami Riedmaier et al., 2013) . This effect is thought to be mediated through the protein kinase B (Akt)-mammalian target of rapamycin (mTOR) pathway following 5´ adenosine monophosphateactivated protein kinase activation: Akt plays a crucial role in multiple cellular processes, and mTOR regulates protein translation, cell growth, and apoptosis (Pollak, 2012) . Alterations in the pathway regulating mTOR are found in many solid tumors including PCas (Garcia and Danielpour, 2008) . PCas continue to comprise a considerable proportion of incident and prevalent cancer cases. Because of their nature and long-term survival for patients, the potential influence of modifiable conditions on PCa outcomes warrants investigation. Despite the evidences for a potential protective effect of metformin on PCa (Ben Sahra et al., 2008) and other malignancies (Landman et al., 2010) , the role of metformin on PCa outcomes remains controversial. Results from previous studies have been conflicting due to heterogeneity of study design, diverse outcome measures and small sample sizes. Furthermore, some studies evaluating the effect of metformin on cancer outcomes use non-diabetics or non-users (regardless of T2D) as the comparison group (Niraula et al., 2013; Rieken et al., 2014) , rather than diabetic non-users of metformin. Because diabetes itself is associated with worse PCa outcomes (Snyder et al., 2010) , it is difficult to differentiate the effect of T2D from metformin exposure and translate study results into clinical practice. For that reason, we performed a comprehensive meta-analysis of currently available relevant studies to quantify the effect of metformin use on various PCa outcomes among patients with T2D.
Materials and Methods

Information sources and search strategy
We searched PubMed, EMBASE, and the Cochrane Library from database inception to April 16, 2014 without language restrictions. Search terms were related to metformin (metformin, biguanides), cancer (cancer, neoplasm, tumor), and outcomes (prognosis, mortality, survival, recurrence). A manual review of references from primary and review articles was performed to identify any other relevant studies that were not captured through the initial database searches. Our systematic review followed the guidelines for meta-analysis of observational studies in epidemiology (Stroup et al., 2000) .
Study selection and eligibility criteria
We selected observational studies that investigated relationships between metformin use and cancer-related outcomes in diabetic patients with PCas. We primarily excluded reviews, case reports, and non-peer reviewed sources (e.g., author replies, conference abstracts). To be included in the meta-analysis, the studies had to provide a risk estimate (e.g., hazard ratio, relative risk [RR] , odds ratio) and measure of precision (e.g., confidence interval [CI] ) for the impact of metformin use on outcomes (recurrence, progression, CSM, or ACM). We excluded data on castration-resistant PCa, which was reported by only one paper (Spratt et al., 2013) . We collected the fully adjusted risk estimates. In case of multiple publications based on the same study population, the most recent publication and/or the study with largest number of cases was included in the analysis.
Data extraction
All potentially relevant articles were independently evaluated by two investigators (IC Hwang and D Shin); disagreements were resolved by consensus or consultation with a third author (SM Park). The following data were abstracted from each study: first author, year of publication, country, study design, site of cancer, clinical setting, study period, length of follow-up, number of patients in each group, outcome assessed, risk estimates with corresponding 95% CIs, and variables adjusted. We used the Newcastle-Ottawa Scale (NOS) to assess the methodological quality. Low quality was defined as NOS score ≤8.0, and high quality as NOS score >8.0 (maximum score, 9).
Main and subgroup analyses
We investigated the relationship between metformin use and the risk of four outcomes (recurrence, progression, CSM, and ACM) of PCa patients with T2D. With regards to recurrence and ACM, we performed a subgroup metaanalysis based on study design (cohort study or nested case-control) or methodological quality of the study (high or low); there were insufficient data to conduct sub-analyses of other characteristics.
Statistical analysis
We calculated a pooled RR with 95%CI from those reported in individual studies. To calculate the variance of the log RR from each study, we converted the 95% CI to its natural logarithm by taking the width of the CI and dividing by 3.92. Summary RR estimates were derived using the method of DerSimonian and Laird (DerSimonian and Laird, 1986) .
To test heterogeneity, we used Higgins I 2 , which indicates the percentage of variation across studies. I 2 ranged from 0% to 100%, where I 2 >50% indicates significant heterogeneity, and I 2 <25% indicates insignificant heterogeneity (Higgins and Thompson, 2002) . When substantial heterogeneity was observed, we used the DerSimonian and Laird random-effects model, which is the generally preferred approach (DerSimonian and Laird, 1986) . We used inverse-variance weighting to calculate fixed-and random-effects summary estimates. Publication bias was assessed using the Begg's rank correlation test (Begg and Mazumdar, 1994) . All statistical analyses were performed with Stata version 12.1 (StataCorp, College Station, TX, USA). Figure 1 shows a flow diagram for the identification of relevant studies. Of the 1,464 non-duplicate titles reviewed, 626 were included in the abstract review, and 46 of those studies met our eligible criteria. After reviewing the full text of the remaining articles, we excluded 35 articles for the following reasons: no information regarding metformin use (n=17), reported only incidence data (n=8), addressed the effect of metformin use in other cancers but not in PCa specifically (n=9), no specific data for diabetic non-users of metformin (n=2), and were , 2011; Patel et al., 2010; Allott et al., 2013; Spratt et al., 2013; Kaushik et al., 2014) , and the others were international multicenter studies (n=1) (Rieken et al., 2014) or conducted in the United Kingdom (n=1) (Currie et al., 2012) or Canada (n=1) (Margel et al., 2013) . The mean NOS score for these eight studies was 8.38, and three studies were deemed to be high quality ( multiple publications based on the same data (n=2). The remaining eight studies were included in the final analysis. Characteristics of the included studies (four cohort studies and four nested case-control studies) are summarized in Table 1 . All studies were published in the past 5 years and were limited to patients with PCas, with the exception of one study (Currie et al., 2012 ) that included patients with several types of cancer. Most of the studies were conducted in the United States (n=5) (He as demonstrable distant metastasis on radionuclide bone scan or on biopsies outside the prostate (Kaushik et al., 2014) . The definition of recurrence was heterogeneous across the studies: biochemical recurrence was defined as a single value of prostate specific antigen (PSA) ≥0.2 ng/ mL (Patel et al., 2010; Allott et al., 2013) or ≥0.4 ng/mL (Kaushik et al., 2014) , two consecutive concentrations at 0.2 ng/mL (Allott et al., 2013; Rieken et al., 2014) , posttreatment PSA nadir plus 2 ng/mL (Spratt et al., 2013) , or secondary treatment for detectable postoperative PSA (Allott et al., 2013) (not shown in table) .
Results
Study selection and characteristics
Meta-analysis
Compared with prostate cancer patients with T2D who used metformin, those who did not use metformin were at increased risk of recurrence (RR, 1.20; 95%CI, 1.00-1.44; Figure 2A) . A similar trend was observed for other outcomes (cancer progression, CSM, and ACM), but these relationships did not reach statistical significance (Figure 2B-D) .
Results of subgroup analysis of study design and quality of study on recurrence and ACM among diabetic PCa patients are presented in Table 3 ; none of the factors analyzed showed significantly different results between subgroups. Further sub-analysis by disease aggressiveness (Gleason score or PSA level) or country could not be conducted due to the small study size. Funnel plot asymmetry was not observed among studies reporting recurrence (p=0.086) (Figure 3) . 
Discussion
In this study, we conducted a systematic review to summarize research on the effect of metformin use on various PCa outcomes in patients with T2D. Our metaanalysis revealed that metformin use is associated with a decreased risk of recurrence (20%) in PCa patients with concurrent T2D. In contrast to the most recent metaanalysis (Zhang and Li, 2014) on PCa mortality, we used only the relevant fully adjusted risk estimates but could not find any significance as well.
Previous studies have described the biological links between pre-existing diabetes and PCa progression, notably the insulin/insulin-like growth factor (IGF) pathway (Sciacca et al., 2013 ). Insulin appears to be a growth factor for prostatic epithelial cells (Peehl and Stamey, 1986) . In addition, IGF-1 and IGF binding protein-3 are associated with prostate growth (Sarma et al., 2002) . Potential mechanisms for poor outcomes in PCa patients with T2D include alterations in IGF, its receptors, and their signaling pathways that may result in resistance to treatment (Casa et al., 2008) . It is plausible that metformin improves outcomes in PCa by modulating insulin levels.
Our finding that metformin use is not associated with other outcomes may be partly explained by the characteristics of the included studies. For example, Spratt et al. (2013) reported significant effects of metformin on various outcomes. However, unlike some of the studies (limited to M0 or all stages; mean follow up, 2.1-5.1 years) included in our analysis, Spratt et al. limited study participants to those with early stage (limited to N0) cancer and had the longest follow-up duration (mean, 8.7 years) . Because PCa tends to be slowly progressive, long-term follow-up is needed to detect some treatment effects. In addition, exposure to metformin in the early stages of cancer appears to improve outcomes.
The comparison group is another important factor in terms of the clinical implications of the results. Several prospective studies of non-diabetic cancer patients have described promising chemopreventive effects of metformin (Bonanni et al., 2012; Niraula et al., 2012 ) and a potential role for this drug in cancer treatment optimization (Hirsch et al., 2009; Song et al., 2012) . On the other hand, using diabetic non-users of metformin as a comparison group may reveal a potential role in the optimal management of concurrent T2D in cancer patients (Landman et al., 2010) . A clinical role of metformin in cancer was initially demonstrated in several retrospective studies of patients with T2D patients and various forms of cancer (Currie et al., 2009; Libby et al., 2009) ; however subsequent studies showed no effect on the long-term, recurrencefree survival rate of patients with T2D (Jiralerspong et al., 2009; Patel et al., 2010) . The diabetes-specific nature of these studies prevents generalization to a wider population, because T2D is a strong confounder in cancer outcomes (Snyder et al., 2010) . In addition, cancer and T2D share numerous clinical risk factors (e.g., age, sex, obesity, diet, and smoking) and important biological links such as the insulin/IGF signaling pathway (Giovannucci et al., 2010) . Limiting our analysis to patients with T2D clarifies the clinical implications of our findings.
Some epidemiological studies demonstrated that metformin is associated with a decreased cancer risk among diabetic patients (Evans et al., 2005; Decensi et al., 2010) and preclinical data also support the concept that metformin exerts anticarcinogenic effects. However, the mechanism underlying this effect remains unclear. It is important to differentiate studies evaluating the ability of metformin to prevent cancer from those evaluating its effects on established tumors. The primary effect of metformin on cancer may be on progression rather than initiation. The role of metformin in cancer prevention may involve the adenosine monophosphate-activated protein kinase pathway (Pollak, 2012 ), which appears to inhibit cancer progression but not initiation. Metformin diminishes insulin-stimulated neoplastic growth by secondarily decreasing serum insulin levels and inducing autophagy in cancer cells (Ben Sahra et al., 2010) . To data, results of studies investigating the relationship between metformin use and PCa risk are still not conclusive (Azvolinsky, 2014) .
Our meta-analysis has several limitations. First, our analysis revealed heterogeneity of the included studies in terms of definitions on metformin user and assessed outcomes, especially in recurrence. It is possible that epidemiological biases for both prostate cancer and T2D (i.e., time-related, selection/screening or information) could have affected our findings (Suissa and Azoulay, 2012) . Second, most of the included studies were retrospective and missing essential data on lifestyle (smoking and diet), duration of metformin use/T2D, and use of other potential antidiabetic agents (Freedland and Aronson, 2009; Sikka et al., 2012) . Duration of diabetes is a good predictor of disease severity, and recurrence risk may increase with a longer duration of T2D (Benoit et al., 2005; Li et al., 2013) . Additionally, metabolic derangements including insulin resistance may influence the relationship between metformin use and PCa outcomes (Conteduca et al., 2013) . Finally, although we found no evidence of publication bias, inherent bias may exist because small studies with null results are unlikely to be published.
Despite these limitations, our data support the hypothesis that metformin use improves outcomes of diabetic PCa patients and suggest that well-designed prospective trials are warranted to confirm these findings.
